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tools in the Netherlands 
Timo Schweckendiek 
Robert Slomp 
 
The Netherlands has established new safety standards for flood defences since 
2017. This paper describes the definition and format of the new standards, as well 
as the tools that have been developed to carry out the assessments in practice. The 
assessment itself is a layered approach from coarse to fine, including the possibil-
ity to work with a conventional semi-probabilistic approach (with partial safety 
factors), or to opt for full probabilistic analysis. After describing the main features 
of the assessment, two examples are given for the failure modes of wave overtop-
ping and slope stability. We conclude by pointing out the main differences be-
tween the old and the new assessment, and the advantages and opportunities of the 
new approach. 
Keywords: flood risk, dikes, assessment of flood defenses, semi-probabilistic 
1 Introduction 
Large parts of the Netherlands are flood-prone. Potential damages are extremely 
high especially in the along the Dutch coast and along the major rivers Rhine, 
Meuse and IJssel; the threat from floods is existential. The project VNK2 
(‘Veiligheid Nederland in Kaart’; Vergouwe, 2014) has provided an extensive 
analysis of the flood risk in the entire country, using a combination of flood de-
fense reliability analysis and consequence estimation through flood simulations 
(i.e. risk = probability x consequence). Risk was analyzed in economic terms as 
well as in terms of risk to life in the reference year 2015. Simultaneously Kind 
(2010) compared investments in flood defenses with the risk reduction achieved 
in terms of a cost-benefit analysis, using the Optimalisering model as described 
in Brekelmans et al, (2014). The objective was to determine economically opti-
mal protection levels for the year 2050, taking into account estimates for climate 
change and economic growth until that date. Kind’s study was part of a larger 
policy study called WV21 (Dutch acronym for Flood Protection in the 21st cen-
tury), the objective of which was to provide input for policy decisions related to 
long term flood risk management (e.g. Deltares 2011). Ultimately, new safety 
standards for flood defenses were derived standards in terms of ‘acceptable 
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probabilities of flooding’ based on the results of both VNK2 and WV21. Ulti-
mately, they were embedded in law and are in force since 2017. 
 
Figure 1: Proposed new safety standards for flood defences in the Netherlands, in the 
form of target failure probabilities for a system (Delta Program, 2014) 
The current challenge with the new safety standards is to develop and bring into 
practice assessment and design codes, which are consistent with the acceptable 
probabilities of failure (flooding) the standards demand. The main difference 
with the former codes is that instead of considering a load event (e.g. storm, riv-
er flood or a combination) with a certain return period, we now need to consider 
a wide range of possible load events with their respective probabilities. Also un-
certainties on the resistance side need to be considered explicitly. 
While the responsibility for assessing and managing flood defenses lies with the 
regional and national water authorities, the National government is responsible 
for providing the assessment and design guidelines and tools to meet the new 
standards. In order to do so, the WBI-2017 project has been preparing guidelines 
and tools since 2012, Slomp (2016). The assessment can be done semi-
probabilistically (i.e. with partial safety factors) or fully probabilistically; the 
partial factors for the semi-probabilistic assessment were calibrated ensure that 
the required probabilities of failure are met. 
The outcome of an assessment, which is planned to take place in 12-year cycles, 
is whether or not a dike reach meets the safety standard. In case of non-
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compliance, the dike (or other flood defense structure) needs to be reinforced. 
To that end, a national reinforcement program HWBP Jorissen et al (2016) has 
been established with the task to meet the safety standards by 2050 in the entire 
Netherlands. 
Section 2 will provide an overview of the assessment and design instruments 
currently being developed and brought into practice. Section 3 provides an ex-
ample of the assessment for the failure modes wave overtopping and slope in-
stability respectively. A reflection of the advantages and challenges of the new 
approach is discussed in the concluding section 4. 
2 Flood defense assessment tools (WBI-2017) 
2.1 Overview of instruments 
 
Figure 2: Overview of the instruments and documents for implementing the new flood 
risk management policy, Slomp (2016) 
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The change of definition of the safety standard to an acceptable probability of 
flooding (or failure) implies introducing a new safety concept in the assessment 
and design of flood defenses. Consequently, all documents, software and legisla-
tion needed to be amended accordingly. Figure 1 contains an overview of all the 
instruments provided by the national authorities to this end. The main distinc-
tions are between the legally binding formal assessment rules on the left hand 
side and the supporting guidelines, technical reports and software on the right 
hand side of the scheme. 
2.2 Assessment levels (coarse to fine) 
The assessment of existing flood defenses (carried out in 12-year cycles) is a 
layered approach with essentially three assessment levels, working ‘from coarse 
to fine’ (see Figure 3). The motivation for the different levels is to use the ap-
propriate amount of resources in data acquisition and modelling depending on 
the complexity of the conditions. Evidently safe or unsafe conditions can be fil-
tered out immediately in the simple assessment (level 1) based on simple and 
conservative criteria (e.g. there can be no backward erosion piping without a co-
hesive ‘roof’). If a simple assessment is not possible, a detailed assessment is 
carried out using physics-based models or criteria per failure mode. The novelty 
here is this level 2 assessment can be done conventionally with partial factors 
(i.e. semi-probabilistically) or in a fully probabilistic fashion. If no satisfactory 
assessment can be obtained with the level 2 provisions, there is the option to car-
ry out an advanced assessment (level 3), essentially allowing the use of any 
state-of-the art models and methods enabling to show that the acceptable proba-
bility of failure requirement is met. 
 
Figure 3: A layered approach for flood defence assessment (Slomp, 2016) 
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2.3 Operational requirements (failure modes and length effect) 
The operational safety requirement for a full probabilistic analysis of a flood de-
fense system is directly given by the legally required ‘acceptable probability of 
flooding’ (see section 1), which is defined for segments of typically tens of kil-
ometers of flood defense with similar consequences in case of a breach. In order 
to enable (semi-probabilistic) assessments of individual dike sections and per 
failure mode, there are essentially three steps to establish operational require-
ments: 
A  -   Acceptable probability of failure per failure mode: 
Flood defenses can fail due to various failure modes, as illustrated in the fault 
tree in Figure 4, which contains all failure modes considered in a detailed (lev-
el 2 assessment). The presence of a multitude of failure causes implies that the 
reliability target for each failure mode individually needs to be stricter than the 
system reliability target. The reason is that the system probability of failure is a 
combination of the individual failure mode probabilities (e.g. the sum if they are 
independent). 
 
Figure 4: Fault tree for flood defences in the Netherlands (Slomp, 2016) 
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4 Concluding remarks 
The main changes between previous safety assessments of flood defenses in the 
Netherlands and the assessments with the new safety standards are summarized 
in Table 1. 
Table 1 Summary of differences between previous and new assessments 
1996, 2001, 2006-2014 2017-2023 
Flood defense assessed to safely withstand 
a design load event with certain probability 
of exceedance 
Flood defense assessed based on acceptable 
probability of failure 
Assessment every 6 years  Assessment every 12 years 
Assessment of (representative) cross sec-
tions 
Assessment of entire reaches (10-20 km long) 
Deterministic, semi-probabilistic (partial 
factors) only 
Semi-probabilistic & full probabilistic 
Result: does or does not meet legal standard 
(binary)  
Result: probability of flooding (allows for rela-
tive comparisons) 
The new approach is follows more closely the risk acceptance criteria underly-
ing the reliability targets of the new safety standards. It should, hence, be more 
cost-effective in terms of risk mitigation than the previous assessment standards. 
Furthermore, full probabilistic analysis provides more accurate assessments and 
avoids the necessary conservatism involved with the derivation of partial fac-
tors. Last but not least, being science-based, the new approach contributes to 
more transparency in the decision process for investments in reinforcement 
measures and maintenance. 
The greatest challenge in implementing the new approach is undoubtedly mak-
ing the transition together with about 300 to 400 practitioners. Even though 
large progress was made before introducing the new standards on January 1st 
2017, not all technical documentation and software have been fully adapted yet. 
It will also take some time to gain experience with and ‘fine-tune’ the new rules, 
documents and software. Also education and training have been recognized as 
crucial for a successful transition. 
Ultimately, the goal is to have all 3760 km of primary flood defenses in the 
Netherlands comply with the new safety standards by 2050. First estimates are 
that more than half of the flood defenses will need reinforcement, which is a 
considerable challenge financially, but also in terms of engineering and con-
struction resources. 
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